The factors which produce variation in the relatively steady state standing potentials in living systems have been much discussed but have received little experimental study. Two possible sources of variation must be considered. In -one, the changes, whether great or small, may be due to inherent forces within the living system itself. Some of these endogenous forces are well known; brain waves, heart waves, and the electrical correlates of nerve muscle preparations are all changes in standing potential which result from, or are correlated with, the particular biological actvity of thte system being studied. It is characteristic of most of these that they are of relatively short duration and, therefore, can be recorded by resistance capacity coupled amplifiers. In general, most of these records are made under conditions sufficiently standardized so as to preclude any great effect of external or environmental factors. It is, however, generally known that humidity and temperature have some influence on the nature and character of the findings. These exogenous factors are only two of a wide range of events which include such factors as light, barometric pressure, and very possibly as yet unknown radiations such as cosmic rays, as well as electrical characters of the atmosphere.
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To control the exogenous factors, either singly or in groups, is a highly complicated procedure. Conceivably it could be done, but it would require a large amount of experimental apparatus and much experimentation. The problem can be approached in another way. Given a living system from which continuous records of potential difference could be made, simultaneous records of temperature, humidity, barometer, sun, atmosphere, electricity, and cosmic rays should provide the basis for correlations. For this purpose a growing tree is an ideal living system. Moreover, the application of the electrodes to the tree can be carried out with a minimum of disturbance to the normal functioning of the tree, and a continuous report of the electrical characteristics of at least one segment of a tree over long periods of time can be secured.
*From the Section of Neuro-Anatomy, Yale University School of Medicine.
In previous reports (Burr" 2) slow but certain changes in the standing potential were noted. One such change was repetitive, occurring at approximately 27-day periods. In addition, a daily variation was noted changing in character from season to season. The present paper is a report of further findings in a continuous record of a single tree from October, 1943, to October, 1944. The data have been analyzed, together with a short stretch during one summer when two trees were under observation, one in Lyme, Connecticut, and one in New Haven.
As indicated in the previous papers, no significant relationship could 'be detected between the standing potential and temperature, humidity, barometer, or sunlight. Whether or not there is any significant correlation with cosmic events is yet to be determined. It is planned to continue the study for a period of at least 10 years, in order to cover a cosmic ray cycle and possibly other cosmic and terrestrial events. After much experimentation, a technique has been developed which seems to be adequate. It consists of the following:
A square block of the bark was removed from the tree down to the cambium. In the center of this aperture a quarter-inch hole was drilled into the wood of the tree. The base of an Amphenol Universal Insulator was then screwed into position so that the central cavity of the base was in line with the hole in the tree. All but the shank of the base was then covered with grafting wax to make an air-tight cover. The cavity in the insulator 'base and the opening in the tree were then completely filled with electrode jelly. This was made up by heating agar with 0.9 per cent sodium ehloride solution to which was added a small amount of glycerine to delay drying and thymol to inhibit the growth of fungi. The extender of the insulator was then filled with jelly and inserted in the base. By means of a rubber cork, the electrode was inserted into the outer end of the extender, making a tight joint. The electrode itself was a piece of pure silver rod, /8" in diameter, threaded for 2/3 of its length.
This latter procedure increased the surface area of pure silver. The rod prepared in this manner was then chlorided for 15 minutes in molar hydrochloride acid at 40 milliamperes. Electrodes prepared in this fashion differ from each other by less than a millivolt (Fig.  1 Fig. 2 . For the purposes of this figure, the standing potential at midnight was ploitted for each day. This particular time was chosen simply because it became obvious on analysis that the daily variations were too small to alter significantly the readings over long periods of time, and midnight was chosen, therefore, merely as a matter of convenience. After these were plotted, inspection of the general curve indicated the possibility that the-re were a number of cycles involved. The first of these was noted in the day-to-day observations in the records as they came from the recorder. In the preliminary report (Burr') it was suggested that these relatively short cycles seem to bear a significant relationship to the phases of the moon. Inspection of the total graph seemed to bear this out. It must be admitted, however, that smoothing a complex curve by inspection is always a difficult matter and, except in very obvious circumstances, it is difficult to substantiate. Nevertheless, an attempt was made .to smooth the general curve by inspection, with the result shown in Fig. 2 in the heavy line. Admittedly, the smoothing is arbitrary, but until an adequate statistical analysis can be made, it may stand as a first approximation. In addition to the monthly short cydes, there can be seen two six-month cycles in the year, and three four-month cydes. The relationship of these cycles to the biological activity of the tree can be established only in very general terms. In the fall and winter, when the tree becomes dormant, the upper electrode becomes increasingly positive to the lower electrode. In the late winter and early spring, the potential tends to fall, and the polarity eventually reverses until a low point is reached about the first of May. This low point did not seem to be related to either the appearance of sap or of 'buds. In this particular year, at least in the spring of 1944, the potential difference had started to fall before the sap began to move and reversed its direction before the leaves appeared. During the spring and summer, the upper electrode became steadily more positive and before the leaves fell in the fall the potential had already started to rise markedly. These cycles would seem to indicate that the forces modlifying the standing potential are endogenous, since at no time could any significant correlates be found with barometer, humidity, temperature, or sunlight. Nevertheless tree in New Haven, the probability is increased that this is a significant finding. Its meaning cannot be ascertained.
Another method of analysis of the data was suggested by Professor Harlan T. Stetson, and is shown in Fig. 4 . Since the various phases of the moon do not fall on the same days in successive years, the records of potentials of the tree in New Haven for 1943-44 were plotted together, using the winter solstice as a reference point, with the corresponding moon phases. It will be seen again that the same tree, through two successive years, showed analogous but not identi- cal curves. The similarity is quite striking and, in view of the other data, can hardly be considered accidental. For purposes of expositon, the data from the New Haven tree were plotted on polar coordinate paper as deviations from the mean, in order to make the possible relationship between the phases of the moon and the potential difference more evident. In the first three graphs of Fig. 5 , covering twelve months, it will be seen that in general the patentials tend to be more positive in the upper electrode during the dark of the moon and more negative during the full of the moon. There are, however, variations in this picture which tend to obscure the results, notably, in the early spring and in the winter. Any adequate explanation is still lacking. However, the finding of Stetson that a significant relationship exists between phases of the moon and radio field strength, suggests the possibility of some relationship between the field properties of the tree and the electrical properties of the atmosphere. It is not clear from the findings reported here just what aspect of the lunar cycle is involved. For the last two years much time has been spent trying to determine whether or not there is any significant relationship between the standing potential of the tree and the azimuth of the moon. This involved a large number of computations and resulted in a completely negative finding as shown in D of Fig. 5 . There seems to be no correlation between azimuth and potential difference. This throws the. problem back to some unexplained relationship between the phases of the moon and of the electrical phenomena. It is hoped that if this study continues and the data pile up, these preliminary findings can either be substantiated or refuted. It is still far too early to give a final answer.
The data here presented are only suggestive of the relative importance of exogenous and endogenous factors in varying standing potentials. Both sets of forces are undoubtedly at work -but specific correlations are still somewhat uncertain. Attention should be called to the fact, however, that there is a growing body of evidence supporting the thesis that biological systems are, in certain senses of the word, electrical machines. As such,' they should respond, at least to some degree, to changes in the electrical environment. Particular attention should be called to the recent work of Marsh 
